The purpose of this study is to evaluate the methods of reducing elevated-road traffic-noise levels in rural residential areas by controlling the relative locations and morphological parameters and to investigate the effect of noise barriers on noise attenuation along elevated roads and building facades in villages. This study selected six morphological parameters and used noise-mapping techniques to estimate the noise attenuation in 60 village sites. The results indicate that 'quiet areas' increase by approximately 10% for each additional 100 m increase in the distance between the elevated road and the village. The best strategy for noise reduction is keeping the elevated road 1,000 m away from the village and raising the road height to 20 m. The building façade conditions only affect the traffic noise level attenuation when the buildings are within 100 m of the elevated road. It was found that the cost-effective length of the road noise barrier is 600 m on both sides of the village parallel to the road. The results highlight the importance of using morphology to improve the traffic noise resistance of villages. The landscape shape indices of buildings and roads are the most important parameters that affect the traffic noise attenuation of elevated roads.
Introduction
People's health and standard of living are significantly affected by the acoustic properties of their living environment (Sobotova et al., 2010; Fritschi et al. 2011 ).
Thus, traffic noise is a public hazard that causes harm to the masses because of its large area of influence and long action time (Ko et al., 2011) . With the acceleration of urban and rural integration processes in China, traffic systems between rural and urban areas have improved. Villages are rural residential areas where villagers live and engage in all types of production activities. Hence, it is important to address the serious problem of disturbance to villagers due to traffic noise (He and Kang, 2014;  Rural areas are significantly affected by the natural environment. Owing to the lack of professional guidance, the layout planning of buildings in rural areas is rather haphazard (Zhang and Yin, 2014) . Because of high construction cost, buildings in rural areas are generally low-rise types, and their numbers have been growing rapidly (Shao, Jin, and Zhao, 2016; Wang, 2014) . As previously mentioned (Chen et 
Methodology

Selection of sample village sites
In this study, 60 villages in the Sanjiang and Songnen Plain in Heilongjiang (Fig. 1a) -the severely cold area and northernmost province of China -were selected because of their unique geographical location, variety of natural reserves, large peasant population, and the prominence of the plain area in Heilongjiang as a major grain-producing area according to the Heilongjiang Statistical Yearbook 
Selection of morphological parameters
This study used previous research as a reference (Burian, (Kang, 2007) . The building plan area fraction (BPAF), complete aspect ratio (CAR), landscape shape index of buildings (LSI_B), and patch density (PD) were mainly related to barrier attenuation, screening, and reflection. The landscape shape index of roads (LSI_R), road length fraction (RLF), distance of first-row building from the road (DFBR), and height-to-width ratio (HWR) were mainly related to geometric divergence, ground effects, and canyon effect. The edge density (ED), road intersections fraction (RIF), T-ratio (TR), and cell ratio (CR) were mainly associated with the village planning forms (Table 1 ) (Yu and Kang, 2016; Yu and Kang, 2017) .
The morphological parameters of the villages failed to satisfy the mutually independent statistical properties ( Table 2 ) (Yu and Kang, 2016; Yu and Kang, 2017) . Therefore, the method of factor analysis with equamax rotation was applied for screening and reducing the parameters. Four factors were identified which can explain approximately 88.14% of the variation in the 12 parameters (Table 3 ). In addition, an SRC analysis based on nonparametric estimation (He and Zhang, 2009) was used to examine the sensitivity of various parameters to the influence of subordinate common factors. Finally, the parameters that have higher absolute values of sensitivity coefficients are determined and retained from each factor, that is factor I: CAR and PD, factor II: LSI_B and LSI_R, factor III: RIF, and factor IV:
RLF. The following six representative parameters that could objectively reflect the form of villages in severely cold areas were selected: CAR, LSI_B, PD, RLF, RIF, and LSI_R (Yu and Kang, 2016; Yu and Kang, 2017). A is the total plan area of the region of buildings, and LSI reflects the shape complexity of the whole landscape. NT is the total number of T-junctions and NI is the total number of intersections.
0.000-1.000 
Noise map
To simulate the propagation and attenuation of traffic noise in villages in severely cold areas, noise maps were calculated with a commonly used noise-mapping package Cadna/A in this study [DataKustik, 2006] . The speed was taken into account according to the chosen standard, RLS 90. The measurement speed and Table 4 shows the scenarios of the study in detail. When studying the reflection of sound from the building facades on the sound environment, this study compared and Table 4 . Details of all scenarios in the study. 
Scenarios
Results
Influence of distance between elevated road and village on sound environment
This study summarised the influence of the distance between five types of elevated could be observed that the average noise reduction amplitudes in the open space were 4.7 dBA, 12.6 dBA, 18.9 dBA, and 24.9 dBA, which were greater than the sound attenuation amplitudes at the various villages with maximum noise reduction when the distance increased from 0 m to 100 m, 300 m, 600 m, and 1,000 m, as shown in Table 5 . Thus, by comparing the two scenarios (village and open space), it is shown that villages were less affected by the distance between the elevated road and the village than the effects of the inverse square law of sound propagation on open space. According to this comparison and the simulation, the effect of the reflection of sound from the ground decreased while that from the buildings became significant. Therefore, it was necessary to consider the design of the building facades and urban morphological parameters in sites. In the case of some samples of a typical village form, the proportion of quiet areas could increase by approximately 10% for each increase of 100 m in distance. When the distance was equal to or greater than 300 m, N60 was 0 and there was no 'noisy area' in the villages. When the distance was greater than 1,000 m, Lmax ＜ 50 dBA, and all the sample villages became 'quiet areas' (Table 6 ). In accordance with '7. functional areas (these refer to areas that require maintenance of residential quietness, that include country fair trade as the main function or single dwelling, commerce, and industry, and in which the environmental noise LAeq is limited to within 60 dBA in the daytime). Therefore, in these cases, the standard of Class 2 sound environment functional areas would be satisfied when the distance between an elevated road and a site is 300 m; that of Class 1 environment would be satisfied when the distance between an elevated road and a site is 600 m, and Class 0 standard would be satisfied when the distance between an elevated road and a site is more than 1,000 m.
For a distance of less than 300 m, this study compared and studied two types of building facades, namely R3 (very smooth) and R0 (very rough or covered with greenery). When the distance between the village and elevated road (10 m high) is 0 m, changing the building facades from R3 to R0 could cause a decrease in N60 of the 60 samples by an average of 11.27%. When the distance is 100 m, N60 could decrease by 3.17% on average. When the distance is greater than 100 m, the influence is negligible. Therefore, the effective distance seems to be approximately 100 m (Fig. 3) for the noise reduction design of building facades. In terms of Q50, when the distance is 0 m, 100 m, and greater than 100 m, Q50 could only increase by 0.52%, 0.27 %, and 0, which have negligible influence. 
Influence of height of elevated road on sound environment of villages 3.2.1 Influence of height of elevated road
To understand the influence of the height of elevated road on sound propagation, this study compared and investigated the influence of various heights of elevated roads on the resistance of villages to noise when the distance between the road and the village was 0 m. The greater the height of the elevated road is, the larger the formed sound shadow area is, which seems to be more favourable for noise reduction. When the height of the elevated road was 0 m, the first row of village buildings close to the road became effective noise barriers. When the height of elevated road was 18 m, the first row of village buildings close to the road was affected by the sound shadow area of the elevated road and a low sound pressure level was observed there. The elevation of the sound source led to the increase in the direct sound of road traffic experienced in the village. The second row of village buildings close to the elevated road exhibited a sound barrier effect ( Fig. 4a and Fig. 4b ).
This study further verified the conclusion that the greater the height of the elevated road, the lesser the N60 level. The above observation might have been made because the pavement of the elevated road and the protection walls could be considered as sound barriers, which means that the acoustic path difference due to the screening effect was the difference in the value between the straight-line distance of the noise source of the elevated road to the village and the indirect distance of the noise source of the road after bypassing the sound barriers. The screening effect of the sound path difference was found to be significant when the height of the road was approximately 20 m.
Influence of sound barrier of elevated road
The research area of the villages was a plane area. Therefore, in this study, considering the maximum, median, and minimum area, and CAR and PD, three typical villages H13 (50 hectares), K11 (32 hectares), and H20 (11 hectares) were chosen from the 60 sites for analysis (Fig. 2 ).
An example was considered in which the distance between the road and the village was 0 m and the height of the sound barrier was 3 m. When the height of the elevated road was 10 m and 20 m respectively, the effective length of the sound barrier for the small villages was 800 m along both sides of the village parallel to the direction of the road, and the effective length of the large-and medium-sized villages was 2,000 m along both sides of villages parallel to the direction of the road.
When the height of the elevated road was 30 m, the effective lengths of the sound barrier for all the villages were 2,000 m along both sides of the villages parallel to the direction of the road. In addition, the most efficient length of the sound barrier was approximately 600 m on both sides of the villages regardless of the area of villages (Fig. 6 ). was slightly greater than that on small villages. The noise experienced in large-and medium-sized villages was reduced by 2 dBA, which was more than that in small villages, on average (Fig. 7) . was significantly correlated with LSI_B, PD, and RLF (p < 0.01) as well as with CAR, RIF, and LSI_R (p < 0.05). When the distance was more than 100 m, N60 was 0. In addition, Q50 was significantly correlated with LSI_B and LSI_R (p < 0.01) for distances of 0 m, 100 m, and 300 m, as well as with CAR when the distance was 0 m and 100 m (p < 0.05) ( Table 7) . Table 7 . Spearman's rho correlations between the noise area category indices Q50 in the villages and the urban morphological parameters (2-tailed). Significant correlations are marked with * (p ＜ 0.05) and ** (p ＜ 0.01).
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Urban morphological parameters In this study, a regression analysis was conducted on Q50-LSI_B and Q50-LSI_R, and the representative distances of 0 m and 100 m were considered as examples.
When the distance was 0 m, two groups of parameters could be related linearly (Fig.   8 ). 10 dBA was observed with the mean of the difference between the maximum and minimum values. When the distance was 100 m and 300 m, the value of Lnmax − Lnmin of L10 was the largest, varying by more than 8 dBA and 6 dBA, respectively, with the mean of the difference between the maximum and minimum values (Fig. 10) . Therefore, the selection of sound indices of sensitivity is as follows:
L80 for 0 m and L10 for 100 m to 300 m. This study computed the Spearman correlation between the indices of the sound pressure levels and morphological parameters. For the various distances, LSI_B and LSI_R were significantly correlated with the indices of the statistical sound levels (p < 0.01). RLF and RIF were not correlated with any other acoustic indices (Table   8) . Similarly, the distances of 0 m and 100 m were considered as examples. This study further conducted a regression analysis on the related parameters. When the distance was 0 m, L80-LSI_B and L80-LSI_R could be predicted using an inverse function and a quadratic relationship, respectively (Fig. 10) . When LSI_B ≤ 12, L80 sharply decreased by 6.2 dBA with the increase in LSI_B, and when LSI_B ＞ 12, L80 gradually decreased by 3 dBA (Fig. 11a) . This was probably because increasing the complexity of building form in the villages could lead to more sound reflection between buildings and thus reduce the sound barrier effect of the buildings. L80 could decrease by approximately 8.4 dBA with the increase in LSI_R (Fig. 11b) . This was probably because increasing the complexity of the road form in rural residential areas was conducive to reducing the sound propagation through the streets along the roads and achieving the effect of noise reduction.
When the distance was 100 m, there was no specific change rule between the variables of the scatter diagram of L10-LSI_B and L10-LSI_R. In various instances in the curve regression, R 2 was less than 0.2. In addition, R 2 was less than 0.4 in the multiple regression equations. Therefore, it could be neglected.
（a）LSI_B （b）LSI_R Figure 11 . Respective relationships between the spatial noise level indices L80 in the villages and LSI_B and LSI_R for a distance of 0 m.
Conclusions
The problem of traffic noise from elevated roads is extremely serious in rural villages. In this study, the methods of improving the anti-noise properties of villages through a systematic design were investigated, and the following conclusions were drawn:
1. Increasing the distance between villages and elevated roads could effectively reduce the influence of traffic noise on villages; however, there would be significant This study examines the methods of reducing elevated-road traffic-noise levels in rural residential areas. Based on previous research results, it systematically revealed whether and how relative locations and morphological parameters influence the spatial noise level attenuation of elevated roads. In addition, the effects of noise barriers and building facades in villages on noise attenuation were also examined.
Overall, by filling the gaps in previous studies, this study is expected to provide guidance and data for village and elevated road designers and local authorities, particularly relating to the village planning system in cold areas in China. However, the results cannot be applied to other climates and geographical environments, such as rural villages in severely hot areas (for a larger building density, a larger number of reflections will be set up) and mountainous regions, whose terrain has a great influence on the noise prediction results. The influence of topography on the acoustic environment should be considered in actual elevated composite road projects.
Mountainous regions, being huge acoustic barriers, require consideration of more influencing factors owing to the complexity of the acoustic environment (form, layout, scale, and the sound absorption coefficient of the mountain). Research methods are available for reference on similar issues in other climates and geographical environment.
